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ABSTRACT                        Small, ‘’petite’’ colonies appeared with almost 1% frequency among the nor-
mally growing colonies in the astaxanthin-producing Phaffia rhodozyma (Xanthophyllomyces 
dendrorhous) CBS 5905 strain. These colonies fermented glucose in the presence of oxygen, 
were not able to grow on nonfermentable carbon sources and did not respond to inhibitors of 
respiration. Besides spontaneous occurrence, petite mutation proved to be inducible almost to 
100% by low levels of ethidium bromide treatment. Cell hybridization experiments revealed 
that both the spontaneous and induced mutation was mitochondrially inherited. The RFLP pat-
tern of the mtDNAs isolated from purified mitochondria of the grand and petite strains were 
similar. Consequently, unlike to the mtDNA of Saccharomyces cerevisiae, not large deletions were 
the reason for petite mutant induction. The size of mtDNA in the grand cells was calculated 
by restriction enzyme analysis and proved approximately 17.6 kb. In teleomorphic strains of P. 
rhodozyma (Xanthophyllomyces dendrorhous) spontaneous petite mutants did not arise and 
the phenotype could not be induced either by ethidium bromide treatment. According to our 
results, Phaffia rhodozyma is the only known petite-positive basidiomycetous yeast.







Strains, media and growth conditions 
Determination of spontaneous petite frequency
Isolation of respiratory deficient mutants
Respiration measurements
Colony assay for cytochrome c oxidase activity
Electron microscopy
Determination of extrachromosomal 
inheritance in strain pet1/1
Separation of nuclear and mitochondrial DNA
Isolation of mitochondria
Restriction endonuclease digestion and 
electrophoresis
Table 1. Yeast strains used in this experiment.
Strains Markers Origin
Nuclear                                Mitochondrial
Ph. rhodozyma
CBS 5905 prototrophic                                     + Kindly provided by BioColours Ltd
CBS 5905 pet1/1 prototrophic                                     - Spontaneously arising petite isolates from CBS 5905
arg benR2 arg-, benomyl resistant                    + Isolated after repeated mutagenesis from CBS 5905
arg benR2 -10 arg-, benomyl resistant                    - Ethidium bromide induced petite mutant  of arg benR2
X.  dendrorhous
CBS 5908 Kindly provided by BioColours Ltd
CBS 6938 Kindly provided by BioColours Ltd
ATCC 24203 Kindly provided by BioColours Ltd
ATCC 24229 Kindly provided by BioColours Ltd
ATCC 24261 Kindly provided by BioColours Ltd
Table 2. Frequencies of petite mutants after 10 µg/ml ethidium 
bromide treatment.





Pulsed field gel electrophoresis (PFGE)
Results and Discussion
The occurrence of spontaneous petite mutation 
in Phaffia rhodozyma
Detection of the respiration rate in isolated 
grand and petite mitochondria
Specific induction of petite mutation by 
ethidium bromide
Screening of cytochrome c oxidase activity in 
ethidium bromide induced petite isolates
Figure 1. Effect of different concentration of ethidium bromide on 
cell growth.
Figure 2. TMPD staining of Phaffia rhodozyma wild type and petite 
mutant colonies. A: colonies without TMPD, B: colonies with TMPD, 
arrows show the respiratory competent wild type colonies.
Electron microscopic structure of the grand and 
petite cells
Characterization of the mtDNA
Figure 3. Ultrathin section from Phaffia rhodozyma wild type (A) and pet1/1 petite cells (B).
Figure 4. RFLP patterns of mtDNA of P. rhodozyma CBS 5905 strain. 
Lane M: -pUC Mix as molecular weight marker (Fermentas). Lanes 1-3: 
RsaI-, MspI-, and HaeIII-digested mtDNA, respectively.
Characterization of the mtDNA of petite 
mutants
Inheritance of respiratory deficient mutation in 
strain pet1/1 
References

